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© Use of anti-TNF to treat bacterial meningitis. 



© Bacterial meningitis infection in a mammal is treated by intravenous infusion of therapeutically effective 
amounts of monoclonal antibodies which bind to tumor necrosis factor alpha. Treatment can be initiated up to 
five hours after bacterial challenge and is preferably in combination with an antibiotic selected from 
cephalosporins and aminoglycosides. 
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page* 1655-161. me details of which are incorporated into this application «wiiwn ai 

in thTlu^ofT^"? 3 ,aCt ° r ^ man,n 9 Wa Fs d «^bed in an article by Ardlti et al 

a... the Journal of infectious Dissasas. voL SiSSS^Sf * ^ " 

thirH^l 0 ^- Current P ractic8s i " dude rapld d,a 9 nQSllc Pracsdures and aggressive treatment with the latest 

ssss.'ssr pressura - ^ tat surv;ve * e — >— * ■ - ^trss 

h^IH!, ' ° f ^"T* present clinic81 P"«i«» to ^"ce morbidity and morality among victims of 
bacterial meninges has led some investigators to experiment with procedures to reducT WtoSSL? 

SLT" 5 S 1 UC,i2in9 anti-inf.ammatories'ehher prtor ta^S^SZTSt 

w ft n?n?!l!l fomi8 Of J^I! ate ( ,lin0 baCterial infactiOTS - "lost notably sepsis, the prevention of inflamma- 

tftte tSS^S^Sjt 8 I aVOrab ' 9 0UtCOma - S P« ifica "y. intervention with the production andS^ 
of the prolnflammatorv-cytolnne tumor necrosis factor has received considerable attention 

Treatment of experimentally-induced sepsis with antibiotics and antibodies capable of neutrailzlno tumor 
7J ffi 7 *f ™»« * - "iBher rate of survival in coap^ris^^S^^Z 

enhb.ot.es alone However, for efficacy to be demonstrated in sepsis, it was necessary to infuse Shod? to 

rLn * ^ - June 1BS3, "* 3150 Hinshaw * Circulatory Shock, Vol 30. pp. 279-292. iS» 
Grven the mtawnoua route of administration of this protein-based therapeutic L litafihwdlTte 
usefulness ,n menrngftis seemed email. This conclusion was based on the assumption of X pennon 2 

necroTS^e^erTH "S*^ ^2* *" ° f ^Sstraton^CaSu^ 

necrosis fector for the prevention of death due to sepsis under experimental conditions. 

'"J*?" P" or teachBS * al adrninistration of sufficient quantities of neutralizing antibodies to TNF 

^sS^SS?' P ™ * ^ MHSarit - 3nd Cerami ' Scienc8 229:669-671. 1885; Traceyet " Nature 
330.SS2-SS4 18S7) or concomrtent with (Unshaw at al.. CboShock 30:279-232. 1990: Saddtonen at al J 

^T^':^ e J n ^ n ° r Cha,te ^- *«- prior' atwt found, 

SE^E?' , « ^ V tr8atment rf up to fivs houre *•* anti-TNF monoclonal antibodies resuhad in 
statistically significantly increased survival. lau ,n 

oclon^^Hu appliC ^ 0n d !. s ^ bes * e ^expected findings that Intravenous adminisrration of a mon- 
oclonal antibody preparation to tumor necrosis factor several hours after initiation of fulminate bacterial 
menrngrtie augments the ac.ivity of antibiotics and leads to enhanced survival and SnpnWSScSTSS 
of animals in comparison to animals treated with antibiotics alone. 'mproveo clinical status 
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SUMMARY OF THE INVENTION 

Ws have found that intravenous infusion of monoclonal antibodies to TNF are effective in treating a 
mammal having an infection of bacterial meningitis. Our method is effective up to at least five hours after 
^ 5 infection and especially useful for the treatment of gram negative Infections by augmentation of traditional 
} anti-bacterial chemotherapy using antibiotics such as cephalosporins or aminoglycosides. 

Our method involves intravenous infusion of monoclonal antibodies that bind to TNF (arrti-TNF) in an 
amount sufficient to treat a meningitis infection in a mammal. In another embodiment a monoclonal arrti- 
TNF is sufficient to neutralize the TNF produced by the mammal in response to the meningitis. It is thought 
70 that the treatment described herein is especially useful against Escherichia coil meningitis. 

As used herein the term therapeutically effective amount (of monoclonal snti-TNF) means an amount 
expressed as mg/kg body weight, sufficient to resort in clinical improvement in the signs and symptoms of 
disease and/or prevention of mortality In the more critically III mammal. That effective amount {or dose) 
ranges from about 1 mg/kg to 20 mg/kg mammal body weight, preferably about 15 mg/kg. 
76 Pharmaceuticafly acceptable vehicle means a carrier suitable for delivery of safe and efficacious 
amounts of anti-TNF by the intravenous route. 

Intravenously means Injection directly into the blood circulatory system as done, for example, via 
venous or arterial routes (and as distinct from intracranial or spinal, administration). 

SO SPECIFIC EMBODIMENTS 

The Arrti-TNF Preparation: In the examples below, the monoclonal antibody preparation was a^ffiUnB anti 
human TNF Immunoglobulin G known as AiQGiO expressed from a hybridoma cell line deposhed with 
ATCC having Accession No. HB 9736. 

25 

Strains and conditions of culture 

Escherichia cofi strain 050:Ki was employed in illustrative studies. For the growth of bacteria, brain- 
heart infusion broth was inoculated from frozen stock cultures and allowed to grow two hours at 37 - C, The 
30 bacteria were collected by csntrifugation, the pellet was washed and resuspended to the desired concentra- 
tion. 

In vivo studies 

35 A pig mammalian model of meningitis was used to assess the monoclonal anti-TNF In vivo. Outbred 
Chester-White pigs, weighing B-11 kg.« were anesthetized, then infected irrtracistemany with either 6 x 10 s 
cfu (for physiological assessment) or 2 x 10/ cfu (for survival studies). For physiological studies, a total of 
eight pigs was infected, tnen divided into two groups of four each for testing. For survival studies, a total of 
28 pigs were infected and divided rrrto two groups of 13 each for testing. 

40 For physiological studies, three hours after infection pigs were again anesthetized. One group was given 
15 mg/kg of the monoclonal anti-TNF via Intravenous infusion in an ear vein, while the other group was 
given placebo (consisting of the pharmaceutical vehicle). Also, an animals wera given 5 mg/kg of gontamicin 
sulfate intramuscularly three hours after infection. Six hours after infection (and three hours after treatment) 
the pigs were again anesthetized and blood and cerebral spinal fluid was removed for study - 

*s For survival studies, five hours after infection pigs were anesthetized. One group was given 15 mg/kg of 
the monoclonal anti-TNF via intravenous infusion in an ear vein, while the other group was given placebo 
(consisting of the pharmaceutical vehicle). All animals were given 75 mg/kg of ceftriaxone intramuscularly- 
Surviving animals were given subsequent 50 mg/kg doses of ceftriaxone 24 and 4a hours after infection. 
Animals in this experiment were observed for mortalities for seven days. 

so 

Results: 

Physiological studies 

ss Cerebral spinal fluid from the animals was assess d for presence of tumor necrosis factor (TNF). 
interleuken 6 (IL-6), lactate, glucose, white blood ceils, and bacteria. Both blood and spinal fluid were 
assessed for the concentration of anti-TNF to determine th degree of penetration of the immunoglobulin 
across the blood-brain barrier into the central nervous system. Results from the spinal fluid demonstrated 
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that In pigs treated with the monoclonal antf-TNF, no detectable TNF was present In contrast pigs treated 
only with antibiotics had an average of 42 programs per ml of TNF. Also, the spinal fluid from anti-TNF 
treated piQS had reduced levels (at least 77% reduction) of the cytokine IL-6, with an average of 2,747 units 
per ml. in comparison to control animals with an average of 1 24387 units per ml. 

Animals treated with the anti-TNF monoclonal antibodies did not have discernible differences in 
pleocytosrs, lactate, glucose, or reduced numbers of bacteria In comparison to controls. These results are 
summarized in Table I below. 

TABLE I 



RESULTS OF SPINAL FLUID DETERMINATIONS 


GROUP 


TNF pg/ml 


IL-6 units/mi 


LACTATE ma/100 ml 


GLUCOSE 


WBC 


BACTERIA CFU/ml 


mg/100 ml x lOebVml 


Control 
Anti-TNF 


41.5±&5 
<5 


12,087 
2,747 


4.3a,1 


B3=11 
95=2 


4.00z2 
5.071.09 


5.62x1 0e4 
3.1dx10e5 
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The average penetration oF the monoclonal anti-TNF into the cerebral spinal fluid was determined to ba 
4.5% of serum values. 
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Survival Studies: 

Deaths In the control group, treated with ceftriaxone only, had rapid onset, reaching 77% 24 hours after 
Infection. In contrast, in pigs treated with the monoclonal anti-TNF and ceftriaxone, deaths accounted for 
only 15% of the total 24 hours after infection. By the end of the expariment, seven days after infection, 82% 
of control animals had died while only 36% of the monoclonal anti-TNF group had died. The results are 
summarized in the Table II below. 

TABLE H 



SURVIVAL RESULTS 


TREATMENT GROUP 


DEAD/TOTAL AT INTERVAL 




24h 


46h 


7 days 


Control 


10/13 


10/13 


12/13 


Anti-TNF 


2/13 


4/13 


5/13 



Discussion 



The data indicate that monoclonal anti-TNF, when used in conjunction with antibiotics, can serve as an 
^5 efficacious agent in established bacterial menrngrtjs infections. In a surprising finding, the physiologic study 
indicated that the intravenous administration of monoclonal anfrTNF in animals infected with Escherichia 
coli in the central nervous system can lead to the neutralization of TNF in the cerebral spinal fluid, and 
results in the reduced production of the cytokine IL-6. 

In the survival experiments, the results indicated that animals (mammals) Infected wfth a potentially 
so lethal challenge of Escherichia coli m the central nervous system can be protected by intravenousry- 
administsrad monoclonal anti-TNF in combination with an antibiotic, and that this protection is evident for a 
period of at least seven days after infection. Therefore, it is thought that this agent should be considered as 
a therapeutic agent in human use for the described bacterial meningitis as well as for other medically 
important bacteria capable of causing this disease. 
5S Given the active disclosure It is thought that variations of treatment will occur to those skilled in 
treatment of infectious diseases. Accordingly, it is intended that the above examples should be construed 
as illustrative and the invention disclosed here should ba limited only by the following claims. 
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Claims 



1- Use of monoclonal antibodies which bind to tumor necrosis factor lor the preparation of medicaments 
for the treatment of bacterial meningitis infections. 

J 2. Use according to claim 1 wherein the medicament additionally comprises an antibiotic. 

a. Use according to claim 2 wherein the antibiotic ia selected from the group consisting of cephalosporins 
and aminoglycosides. 

70 

4. Use according to any of claim 1 to 3 wherein the antibodies are included In a pharmaceiiticaJly 
acceptable vehicle. 

B. Use according to any of claims 2 to 4 wherein the antibiotic is selected from ceftriaxone and 
75 gentamidn. 

6. Use according to any of claims 1 to 5 wherein the antibody is expressed from a hybridoma having an 
ATCC Accession No. HB 9736. 
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